We carried out a survival analysis of elbow synovectomy (ES) and excision of the radial head (RHE) performed on 171 rheumatoid elbows. The failure criteria were revision surgery (performed or desired) and/or the presence of significant or severe pain.
Loads of up to three times the body-weight are often borne by the elbow, 1 which is involved in over 70% of patients with established rheumatoid arthritis (RA). 2 Involvement is usually bilateral and more marked on the dominant side. Many daily activities become restricted by pain, weakness, stiffness and instability. The surgical options are elbow synovectomy (ES), usually combined with radial head excision (RHE), and total elbow replacement (TER). Pain relief of 80% to 90% has been claimed with ES, [3] [4] [5] but later studies have shown less satisfactory results and a pattern of gradual deterioration. 6, 7 TER gives excellent relief of pain but the incidence of complications remains around 20% and the management of infection and loosening is costly. 8 Our study aimed to redefine the role of ES in RA with regard to predictive factors and outcome in a large group of patients over a 20-year period.
PATIENTS AND METHODS
We identified patients from the operation register of the Nuffield Orthopaedic Centre, Oxford, UK. Between June 1972 and May 1991, 230 elbow synovectomies had been performed of which 181 were for RA. Patients who satisfied the 1987 ARA criteria, 9 and who were cared for by rheumatologists and the upper-limb orthopaedic surgeons, were included (171 elbows). Of these, 46 were in patients who died and ten had been lost to follow-up. The outcome was not determined for these 56 elbows, but the time of surgery and last follow-up was used for survival analysis.
We reviewed 95 patients (115 elbows); 93 elbows were in females. Rheumatoid factor was positive in 68% of cases. At surgery, the mean age was 55 ± 13.3 SD (27 to 85) and the mean duration of rheumatoid arthritis was 15 ± 8 years (2 to 35). ES was combined with RHE in all but two patients and with transposition or decompression of the ulnar nerve in ten. Seventy (61%) operations were on the right elbow.
The patients' notes were reviewed. The duration of symptoms before surgery, the preoperative ranges of movements and operation notes were recorded. Patients who did not have repeat surgery had an interview and examination except for seven (ten elbows) who were unable to attend and who were assessed by a postal questionnaire. Elbow pain was graded by the patient as none, mild, significant or severe. The presence of synovitis, instability in anteroposterior and lateral planes and ulnar neuropathy with paraesthesiae and/or hypoaesthesia in the ring and little fingers was noted. Flexion-extension and supination-pronation were measured in the sitting position, using a standard goniometer for the former and estimation by eye for the latter. 10 The function of the operated limb was assessed by asking the patients to reach the mouth, touch the back of the head and state whether they could turn a door handle. RA in the other joints (shoulders, wrists and hands and the contralateral elbow) was graded as none/mild, moderate or severe. The degree of mobility and the use of walking aids were recorded. Mobility was considered poor when the patient used a wheelchair and/or was housebound. Information from the questionnaire included the presence and severity of elbow pain and symptoms of ulnar neuropathy, the ability to perform the three upper-limb functions as described above, the degree of mobility and whether further elbow surgery had been performed or desired. Preoperative and up-to-date elbow radiographs were graded using the Larsen-Dale scale 11 and checked for inter-and intraobserver reliability. The humeroulnar and radiohumeral joints were graded separately. Large cysts and subluxation of the radial head were noted. Failure was recorded if revision surgery had been performed (TER or ES, but not ulnar nerve transposition or decompression) or desired by the patient or when significant or severe pain was present at review. To determine the time of failure, the patients were asked how long the benefit had lasted, but the recorded clinical notes were also taken into consideration.
Statistical analysis.
We performed survival analysis using the actuarial method. 12 Student's t-test (two-sided) for continuous variables and the chi-squared test for categorical variables were used to analyse the difference between the success and failure groups. The ranges of movement were analysed as categories, the limits of which were taken when the relation to outcome was most significant. The relative risk and 95% confidence intervals (CI) 13 were determined for factors with predictive value. The Mantel-Haenzel chisquared test was used to allow for confounding. We performed survival analysis separately for the two groups with preoperative supination-pronation ranges of ≤80° and >80°, and flexion extension ranges of ≤60° and >60°; the log-rank test was used to determine the statistical significance of the difference. 12 Student's t-test for paired values was used for the change in the range of movements and the Wilcoxon signed-rank test for the change in the radiological grades.
RESULTS
Outcome. Table I and Figure 1 show the survival analysis.
Failure during the first year was 19%. After the first year the cumulative survival declined gradually by an average of 2.6% per year. The overall failure rate was 46% during an average follow-up period of 6.5 years. Failure was declared to be due to significant or severe pain in 17 elbows, the desire to have further surgery in six, to both of these in 21 and to revision surgery in nine (eight TERs and one repeat ES). Five patients required ulnar nerve transposition or decompression.
There was an improvement in the supination-pronation and flexion-extension ranges with a gain of 50°( p = 0.0001, 95% CI 40 to 61) and 11° (p = 0.001, 95% CI 4 to 17), respectively, compared with preoperative levels. Figure 2 shows the frequency distribution of ranges of movement preoperatively and at review. Synovitis was present in 43% (42 of 97) and ulnar neuropathy in 19% (20 of 106). Instability in one plane was present in 18% (17 of 96), and in two planes in a further 18% (17 of 96). There was significant radiological progression at the humeroulnar joint, with an increase of the median from three to four on the Larsen scale (p = 0.00003).
Outcome predictors. Table II shows the relation of preoperative predictors to outcome. A supination-pronation range of ≤80° predicted success. Similarly, supination ≤40°w as a significant predictor of success. A preoperative flexion-extension range of ≤60° predicted failure. The degree of flexion deformity did not affect outcome. A preoperative range of supination-pronation of ≤80°, combined with a range of flexion-extension of <60°, indicated a success rate of 94% compared with 33% when supination-pronation of >80° was combined with flexion-extension of ≤60°. There was no confounding between the ranges of supinationpronation and flexion-extension. Survival analysis in relation to the preoperative range of supination-pronation is shown in Figure 3 ; the overall difference, using the logrank test, was significant (RR = 2.2; 95% CI interval 1.4 to 3.4). Survival analysis in relation to the range of preoperative flexion-extension is shown in Figure 4 ; the overall difference using the log-rank test was significant (RR = 2.1; 95% CI 1.2 to 3.7).
The average duration of elbow symptoms before surgery was significantly longer in those who failed (4.1 v 2.6 years, p = 0.01). Failure occurred in 13 of 18 patients who had had elbow symptoms for more than five years (Table  II) . Confounding was noted between the duration of symptoms and the range of flexion-extension, but not between the duration of symptoms and the range of supinationpronation. Age, gender, duration of RA, rheumatoid factor seropositivity, the side of surgery and hand dominance did not affect the outcome.
Separate radiological grading of the humeroulnar and radiohumeral joints showed good inter-and intraobserver reliability (interclass correlation coefficients were 0.83 and 0.89, respectively, for the former and 0.75 and 0.72 for the latter). There was no statistically significant relationship between the radiological grade of either of the two elbow components and outcome. Only four humeroulnar joints were radiologically grade 1 preoperatively; they were all successes. The presence or absence of large (> 5 mm) bone cysts and subluxation of the radial head did not alter the outcome. Failure and success. Success correlated with a large gain in supination-pronation. A gain of ≥100° was associated with 82% success (p = 0.03) and a gain of ≥110° with 88% success (p = 0.01). In the case of flexion-extension, there was a mean gain of 3° with failure and 16° with success. The difference was statistically significant (p = 0.04), and a gain of ≥10° of flexion-extension correlated with success (64% success, p = 0.03). Table III shows the correlation of the upper-limb function with outcome and the severity of disease in other joints of the upper limb. Failure correlated with the recurrence of synovitis, instability in two planes, ulnar neuropathy and reduced mobility (Table IV) . There was no correlation with radiological progression or severity of RA in the other joints of the upper limb. Survival analysis of elbow synovectomy and radial head excision in rheumatoid arthritis. Fig. 2 The frequency distribution of the ranges of supination-pronation and flexion-extension preoperatively and at review.
70% and 90%. 2, 4, 5, 8, [15] [16] [17] [18] [19] Two recent studies have indicated that initial good results were not maintained. Rymaszewski et al 6 showed that in 40 elbows the initial pain relief of 70% was reduced to 45% at six years and in the study of Survival-analysis curves for elbows classified according to the preoperative range of supination-pronation. failures within the first year, and the remainder deteriorated gradually over subsequent years. Since pain is the main indication for elbow surgery, we have used it as an outcome measure. It should not, however, be the sole outcome since it does not always reflect function and may be minimised by a stoical patient. We have therefore included further surgery, whether desired or performed, as a second outcome measure.
Unlike previous studies on ES, we were able to examine the preoperative range of movement as an outcome predictor, since in most of our patients the ranges of movement were routinely recorded with a goniometer, usually in a rheumatology-orthopaedic clinic. Loss of more than half of the normal range of supination-pronation predicted a success rate of more than 70%, while a flexion-extension range of ≤60° predicted a failure rate of 60%. These predictors were independent and improved by combining them to give a success rate approaching 100% if restricted supinationpronation was accompanied by a range of flexion-extension above 60°. Morrey et al, 20 in a study on normal elbows, found that most activities of daily living could be accomplished with 100° of forearm rotation. This, combined with a gain of 50° in forearm rotation, explains why a low preoperative range of supination-pronation was a predictor of success. Those patients who gained most achieved success. A range of flexion-extension of 100° is sufficient for most daily activities, most of which are performed between 60° and 120°. 20 Since there was only a modest 10° gain in flexion-extension, patients with a preoperative range below 60° failed to benefit. We confirm the finding of Eichenblat, Hass and Kessler 21 that gain in movement was most evident in forearm rotation and found that supination is more important, perhaps because, unlike pronation, it is not easily augmented by shoulder movement. While 40° of pronation may be sufficient for most daily activities, at least 60° of supination are needed for movements such as receiving coins as change. Many activities for self-care are performed with the forearm supinated. 20 The improvement in the preoperative range of supination-pronation and its relation to outcome supports the suggestion that excision of the radial head is an essential part of an elbow synovectomy, by removing a mechanical block and allowing more complete synovectomy. Age, gender, hand dominance, the presence of rheumatoid factor and duration of RA did not affect the outcome. We did not confirm the better outcome reported by Porter et al in males. 2 The long duration of elbow symptoms predicted a poor outcome, possibly because of confounding with the preoperative range of flexion-extension. Many studies have found no relation between the preoperative radiological stage and outcome. 7, 15, 21 Most used the Steinbroker radiological grading. 22 We used the more detailed Larsen scale 11 and graded the humeroulnar and radiohumeral joints separately. We also looked for subluxation of the radial head and large cysts, but none of the radiological signs had any predictive value. Most studies on elbow synovectomy have shown that a grossly damaged elbow may still be compatible with a good outcome. 3, 4, 6, 15, 17, 21 All four of our patients in grade I were successes, but patients in this grade are only rarely operated on as they are more likely to respond to medical treatment. On the other hand, very few studies have suggested that elbows with radiologically advanced disease have a worse outcome. Porter et al 2 alone have found a statistically significant relation in the subgroup of grade IV (Stein- 
